showed that lipid fuel reserves were being stored in Wnt-activated DPSCs. We associate this metabolic reprogramming with an energy-priming state allowing DPSCs to better respond to subsequent high demands of energy and biosynthesis metabolites for cellular growth. These results show that enhancement of the stemness of DPSCs by Wnt activation comes along with a profound metabolic remodeling, which is distinctly characterized by a crucial participation of mitochondrial metabolism.
lineage cells such as adipocytes, osteoblasts, odontoblasts, and chondrocytes, but also neurons, Schwann cells (Gervois et al., 2015; Martens et al., 2014) , smooth muscle, vascular endothelial cells, and among others (Karbanová et al., 2011) .
Reprogramming and generating pluripotent stem cells out of somatic cells remains a promising alternative to obtain autologous differentiated cells for graft therapies. However, current reprogramming methods often rely on permanent genetic modification, precluding their use for human medical therapy. Interestingly, DPSCs have also been described to show a pluripotent-like phenotype (Atari et al., 2012) and a high plasticity for cell reprogramming, even using mild methods which do not involve gene transfection, making them a promising alternative source of pluripotent-like cells (Atari et al., 2011; Pisal et al., 2018; Uribe-Etxebarria et al., 2017; Yan et al., 2010) .
Stem cell differentiation and/or somatic cell reprogramming are characterized by profound changes in cell metabolism. Over the last few years, increasing experimental evidence pictures metabolism as a key regulator of both stem cell potency and differentiation (Hanahan & Weinberg, 2011; Pavlova & Thompson, 2016; Zhang et al., 2016b) .
This metabolic priming is suited to respond to the demands of cell growth and proliferation (Lunt & Vander Heiden, 2011) . Important evidence also links stemness to mitochondrial dynamics and protein homeostasis (García-Prat, Sousa-Victor, & Muñoz-Cánoves, 2017).
There exist two major metabolic states of the cell: Aerobic/oxidative (occurring in the mitochondria) and anaerobic/glycolytic (occurring in the cytosol), which perform at least three essential functions: (1) The generation of the energy (ATP) and reducing power (NADH, FADH 2 , and NADPH) necessary for biosynthesis processes; (2) the production of glycolytic intermediates essential for anabolic reactions during cell division; and (3) the release of metabolites used in enzymatic reactions, including those involved in epigenetic modification (Teslaa & Teitell, 2015) .
Compelling evidence shows that the specific metabolic requirements of pluripotent stem cells tip the balance towards a higher utilization of anaerobic pathways, at the expense of a reduced utilization of aerobic oxidative phosphorylation, which in turn associates with the process of cell differentiation (Chandel, Jasper, Ho, & Passegue, 2016; Mathieu & Ruohola-Baker, 2017) . Inducing the transition from oxidative into glycolytic metabolism promotes somatic cell reprogramming to iPSCs (Folmes et al., 2011; Gu et al., 2016) . Stemness is promoted, and differentiation is prevented by glycolysis induction or oxidative metabolism inhibition (Mathieu & Ruohola-Baker, 2017; Varum et al., 2011) whereas differentiation of iPSCs occurs through oxidative metabolism, which is characterized by a high ATP and low-lactate content (Cho et al., 2006; Folmes et al., 2011; Varum et al., 2011) . However, despite these findings, controversy remains about the precise role of mitochondrial oxidative metabolism in the early onset of pluripotency. There is also evidence for a transient mitochondrial oxidative phosphorylation burst during the initial stages after nuclear reprogramming (Hawkins et al., 2016; Kida et al., 2015) .
Here, we report that a deep metabolic remodeling occurs in DPSCs during the first 48 hr of reprogramming under Notch and Wnt signaling modulation conditions, which were previously described to regulate the expression of pluripotency core factors and self-renewal in these cells (Uribe-Etxebarria et al., 2017) . This study gives evidence of a metabolic switch, distinctly characterized by a mitochondrial involvement in the generation of large amounts of reducing power, and a cytoplasmic accumulation of lipid fuel reserves, associated with an enhanced DPSC stemness. Combinatorial modulation of signaling pathways reveals cell-type-specific requirements for a highly efficient and synchronous reprogramming to iPSCs (Vidal, Amlani, Chen, Tsirigos, & Stadtfeld, 2014) . Therefore, the present study provides very interesting new data with regard to approachable future research to design new protocols for a safe DPSC reprogramming.
| MATERIALS AND METHODS

| DPSC culture
DPSCs were isolated from human third molars obtained from healthy donor patients between 15 and 30 years of age by fracture and enzymatic digestion of the pulp tissue for 1 hr at 37°C with 3 mg/ml collagenase (Thermo Fisher Scientific Cat# 17018-029, Boston, MA) and 4 mg/ml dispase (Thermo Fisher Scientific Cat# 17105-041) followed by mechanical dissociation. Cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), L-glutamine (1 mM), and the antibiotics penicillin (100 U/ml) and streptomycin (150 µg/ml). The DPSCs could be amplified and maintained in these conditions for very long periods ( > 6 months). However, to avoid cell aging issues, we only used DPSCs that had been grown in culture for less than 3 months and had accumulated no more than six total passages. Comparative experiments between control and treatment conditions were always and without exception performed in parallel using DPSCs from the same donor.
| Notch and wnt pathway pharmacological modulation
To inhibit Notch signaling pathway, we used DAPT (N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester), a γ-secretase inhibitor, (Calbiochem Cat#565784, San Diego, CA), at a concentration of 2.5 µM. DAPT was added to the culture medium for 48 hr before the assays where DAPT-treated DPSCs were compared with DPSCs treated only with the control vehicle, 2.5 µM dimethylsulfoxide (DMSO). To overactivate Wnt signaling pathway, we used 2.5 µM BIO (6-bromoindirubin-3´-oxine), a GSK3β inhibitor (Calbiochem Cat#361550), which was added to the medium for 48 hr before the assays. BIO-treated cells were compared with DPSCs exposed to the inactive analog MBIO (methyl-6-bromoindirubin-3´-oxine) at 2.5 µM as a corresponding control (Calbiochem Cat#361556).
WNT-3A recombinant protein (R&D Systems Cat#5036-WN-010, Minneapolis) was also added to the DPSC cultures to overactivate URIBE-ETXEBARRIA ET AL.
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Wnt signaling, at a concentration of 2.5 µM during a total incubation time of 48 hr, as in the rest of the treatments.
| 1 H-NMR of DPSCs
To obtain an NMR spectrum, an average of 6 × 10 6 cells was extracted using the dual phase extraction method (Al-Saffar et al., 2006) . Cat# 4367659, Carlsbad, CA), 0.5 µl of primers (0.3125 µM), 0.3 µl of cDNA (1.5 ng/µl), and nuclease free water for a total volume reaction of 10 µl. The primer pairs for different genes were obtained from public databases, and validated via the Primer-Blast method. All oligonucleotide primers were purchased from Sigma Aldrich and checked for optimal efficiency ( > 90%) in the qPCR reaction under our experimental conditions. The relative expression of each gene was calculated using the standard 2 −ΔCt method (Livak & Schmittgen, 2001 ) normalized with respect to the average between β-ACTIN and GAPDH as internal controls. All reactions were performed in triplicate. qPCR was run on ABI PRISM® 7000 (Thermo Fisher Scientific, Boston, MA). Data were processed by CFX Manager™ Software (BioRad). We assessed that all qPCR reactions yielded only one amplification product by the melting curve method.
| Immunoblotting
The cells were washed with 0.9% NaCl several times and the proteins were extracted with 100 µl of Lysis Buffer (50 mM Tris-HCl pH 7.5, 
| Nile red assay of cellular lipid content
DPSCs cultured over glass coverslips were fixed with 4% paraformaldehyde for 10 min and washed with phosphate-buffered saline (PBS). The DPSCs were then incubated for 15 min with 1 µg/ml Nile Red (Thermo Fisher Scientific, Cat#N1142, Waltham, MA) diluted in PBS, followed by DAPI which was used to counterstain cell nuclei.
Images were captured with an epifluorescence Axioskop microscope (Zeiss, Germany) with a Nikon NIS-Elements and an Apotome
Confocal Microscope (Zeiss, Germany) operated with Nikon DS-Qi1Mc software (Tokyo, Japan). The fluorescence intensities in the samples were quantified by Fiji-ImageJ (Schindelin et al., 2012) after background subtraction.
| Cell viability, mitochondrial membrane potential, and reactive oxygen species assays
We used Calcein-AM (5 µM, Thermo Scientific Cat#C3100MP) to detect cell presence and viability and Tetra Methyl Rhodamine Ethylester, or TMRE (200 nM, Thermo Fisher Scientific Cat#T669) to provide an estimation of the mitochondrial membrane potential of
DPSCs. In addition, we used 2,7-dichlorofluorescein diacetate or DC-FDA (100 µM, Thermo Fisher Scientific Cat#D399) to evaluate the production of reactive oxygen species (ROS) by DPSCs. As a positive control for ROS production we used 0.1%, 0.5%, and 1.5% of 
| Statistical analyses
Statistical analyses were performed with Microsoft Excel, IBM SPSS Statistics v.9 (SPSS, Chicago, IL) and Graph Pad v.6 software (Graph Pad
Inc., San Diego, CA). All data sets were subjected to a KolmogorovSmirnov normality test before analysis. For small sample sizes nonparametric tests were chosen by default. Comparisons between only two groups were made using U-Mann Whitney test. Comparisons between multiple groups were made using Kruskal-Wallis followed by Dunn´s post hoc test. The p ≤ 0.05 was considered to be statistically significant.
| RESULTS
| Notch activity is required for the maintenance of glycolytic metabolism of DPSCs
In a previous report (Uribe-Etxebarria et al., 2017) , it was characterized that Notch inhibition by the DAPT treatment (2.5 µM for 48 hr) decreased stemness of DPSCs. Here, we wanted to assess whether such inhibition induced also changes at the metabolic level by assessing the presence of cellular metabolites using nuclear magnetic resonance (NMR). Thus, it was found that DAPT significantly affected the levels of intracellular lactate (54% ± 15%; p = 0.002), glucose (164% ± 13%; p = 0.037), and glycerophosphocoline or GPC (57.5% ± 12.6%; p = 0.04)
in DPSCs ( Figure 1a ). Following DAPT treatment, glucose was more accumulated in DPSCs, whereas the levels of lactate were found to be significantly lower than in control samples. The levels of amino acids (glutamate and glutamine), and metabolites involved in membrane phospholipid turnover (choline, phosphocholine PC, and GPC) were either not affected or decreased in DPSCs after the DAPT treatment ( Figure 1a ). In addition, transcript messenger RNA (mRNA) expression analysis for some key protein enzymes of the glycolytic and F I G U R E 1 Notch inhibition by DAPT affects glycolytic metabolism in DPSCs. (a) NMR analysis revealed differences in the levels of lactate, GPC, and glucose following DAPT exposure.
(b) Q-PCR analysis confirmed a decrease in HK2, LDHA, LDHB, SLG16A1, PDHB, and CPT1A expression between control (DMSO) and DAPT conditions. Data are normalized to reference β-ACTIN and GAPDH levels and presented as the mean + SEM (n = 6). The dashed line represents normalized gene expression to control conditions. (c) Representative WB showing LDHA, LDHB, and HK2. β-ACTIN was used as protein loading control. *p < 0.05; **p < 0.01; ***p < 0.001.
DPSCs, dental pulp stem cells; GPC, glycerophosphocoline; NMR, nuclear magnetic resonance; q-PCR, quantitative polymerase chain reaction mitochondrial metabolism hexokinase 2 (HK2) and pyruvate dehydrogenase B and X (PDHB, PDHX) were all found to be negatively affected by the exposure to DAPT (Figure 1b ). Both the expression of the mitochondrial fatty acid carrier CPT1A (carnitine palmitoyltransferase) and the plasma membrane monocarboxylate transporter SLC16A1/ MCT1 were found to be downregulated at mRNA level when the DPSCs were treated with DAPT ( Figure 1b) . Lactate dehydrogenase A (LDHA) and lactate dehydrogenase B (LDHB) gene expression levels also underwent a decrease of more than 50% with respect to the control conditions ( Figure 1b) . Finally, WB also confirmed these changes, where LDHA, LDHB, and HK2 had a consistently reduced expression also at the protein level in DPSCs (Figure 1c ).
3.2 | BIO-induced Wnt activation increases glucose utilization and the expression of genes promoting mitochondrial TCA activity and lipid biosynthesis in DPSCs
To investigate whether Wnt/β-catenin activation would affect metabolism in DPSCs, we used a 2.5 µM BIO treatment of 48 hr to overactivate Wnt signaling by inhibiting β-catenin degradation, as this had been previously associated to an increase in DPSC stemness (Uribe-Etxebarria et al., 2017) . By NMR, we observed that treatment with BIO induced a significant reduction in the levels of glucose (14.2% ± 2.2%; p = 0.037), and glutamine (41.4% ± 9.1%; p = 0.002) and increased the cellular amount of GPC (240.7% ± 66.9%; p = 0.037; Figure 2b ). We also tested the expression of enzymes LDHA, LDHB, and HK2 by WB. We confirmed previous findings by detecting increased levels of LDHB and decreased levels of LDHA, whereas no significant changes were observed in HK2 in BIOtreated DPSCs (Figure 2c ).
3.3 | Exposure to human recombinant WNT-3A for 48 hr increases glucose utilization and the expression of genes promoting mitochondrial TCA activity and lipid biosynthesis in DPSCs
To ensure that the effects induced by BIO could be specifically attributed to the activation of canonical Wnt signaling pathway (Famili et al., 2015; Zhang et al., 2009) we also used WNT-3A, a welldescribed prototypical canonical Wnt activator ligand. After the treatment of DPSCs with WNT-3A, we observed some of the same effects found following the BIO treatment, with a higher consumption of glucose (64.8% ± 11.7%; p = 0.004) and glutamate (68.2% ± 3.1%; p = 0.003, respectively) with respect to control DPSC levels. We also found an increase in choline consumption (22.4% ± 15.2%; p = 0.036), although the levels of PC and GPC were F I G U R E 2 Wnt activation by BIO increases glucose utilization and the expression of enzymes involved in mitochondrial TCA metabolism and lipid biosynthesis in DPSCs. (a) NMR analysis revealed differences in the levels of lactate, glutamine, GPC, and glucose following BIO exposure. (b) Q-PCR analysis confirmed an increase in PKM2, LDHB, PDHA, PDHB, SLG16A, ACSS2, ACLY, and CPT1A expression between control (MBIO) and BIO conditions. Data are normalized to reference β-ACTIN and GAPDH levels, and presented as the mean + SEM (n = 6). The dashed line represents normalized gene expression to control conditions. (c) Representative WB showing an increase in LDHB, and a decrease in LDHA protein levels. No changes were observed HK2 protein expression. β-ACTIN was used as a protein loading control. *p < 0.05; **p < 0.01; ***p < 0.001. U-Mann Whitney test. BIO, 6-bromoindirubin-3′-oxine; DPSCs, dental pulp stem cells; GPC, glycerophosphocoline; NMR, nuclear magnetic resonance; q-PCR, quantitative polymerase chain reaction; TCA, tricarboxylic acid cycle not significantly affected (Figure 3a) . By qPCR we detected an upregulation in the expression of some key gene markers for glycolysis (HK2), TCA cycle (PDHB), lactate transporter (SLC16A1/ MCT1), pyruvate synthesis (LDHB), and acetyl-coA and fatty acid biosynthesis (ACLY; ACCSS2 respectively) in DPSCs (Figure 3b ). Most of these changes were consistent with what was observed in BIO conditions. CPT1A gene expression was again found to be significantly increased. Assessment of protein expression levels for LDHA, LDHB, and HK2 by WB also confirmed a clear upregulation of HK2
and LHDB enzymes, in WNT-3A-treated DPSCs (Figure 3c ).
3.4 | Wnt activation increases cellular reducing power and the amount of NAD + and NADH in DPSCs
As the metabolic and gene expression profile of DPSCs was altered after Wnt/Notch modulation, we tested whether the overall reducing power of DPSCs would be affected in these conditions as well. To asses this hypothesis, first, we measured the levels of reduced NADH and oxidized NAD + in DPSC cultures subjected to DAPT/BIO/WNT-3A treatments. We found that reduced NADH levels increased significantly when DPSCs were exposed to the recombinant protein WNT-3A, compared with controls (2.3 µM ± 0.1 µM; p = 0.018). The levels of the oxidized NAD + form were also found to be increased, suggesting that this reducing power was being actively used by the cells (Figure 4a ). NADH levels were not affected in DAPT-treated cells, and they were found to be increased, although not significantly 
| Wnt activation induces hyperpolarization of mitochondria of DPSCs
To study whether Notch and Wnt signaling could also affect the Figure 5d ). However, results of DC-FDA assays did not show any significant differences in ROS production after these treatments. Normalized DC-FDA fluorescence levels in treated DPSCs with respect to controls were 83.3% ± 14.3% for BIO and 91.5% ± 15.1% for WNT-3A, respectively (n = 20). Instead, following treatment with 0.5%, 1%, and 1.5% H 2 O 2 (30 min) the DC-FDA signal in DPSCs was more than four-fold higher for 0.5% H 2 O 2 (430% ± 29%), and was more than two orders of magnitude increased in the other two conditions (23092% ± 161.7%; 26070% ± 126%).
F I G U R E 3
Wnt activation by WNT-3A increases glucose utilization, and the expression of enzymes involved in TCA metabolism and lipid biosynthesis in DPSCs. (a) NMR analysis revealed differences in the levels of glutamate, choline, and glucose following WNT-3A exposure. (b) Q-PCR showing relative differences on expression of HK2, PKM2, LDHA, LDHB, PDHB, SLC16A1, ACSS2, ACLY, and CPT1. Data are normalized to reference β-ACTIN and GAPDH levels and represented as the mean + SEM (n = 6). 
| Wnt activation induces the overexpression of mitochondrial electron transport chain (ETC) genes, but not ATP synthase genes in DPSCs
To estimate ETC activity in Wnt-activated DPSCs, we tested the expression of some genes coding for some mitochondrial ETC complex subunits by qPCR. We observed increased levels of transcript expression in most of the cytochrome C oxidase (complex IV) subunits tested: COX4A.i1, COX6c, COX7a, and COX7c, and also in the NADH-Ubiquinone oxidoreductase (complex I) subunits NDUFS1 and NDUFS2 in DPSCs treated with BIO and/or WNT-3A (Figure 5e,f) . Interestingly, some of these subunits were also upregulated in the case of DAPT treatment (Figure 5e,f) . Finally, the assessment of expression levels of mitochondrial ATP synthase subunits ATP5a, ATP5e, and ATP5b provided us with information about the utilization of the mitochondrial proton gradient to produce ATP. Interestingly, there was no increase in the expression of ATP synthase subunits in either BIO or WNT-3A-treated DPSCs (Figure 5g ), despite a clear upregulation of the expression of ETC complexes and an increased mitochondrial membrane potential in these conditions. A significant increase in ATP synthase subunit expression was only found in cells treated with DAPT (Figure 5g ).
| Wnt activation promotes lipid biosynthesis and accumulation in DPSCs
To assess whether the treatments with DAPT, BIO, and WNT-3A were inducing changes in the cytoplasmic lipid content in DPSCs, we 
| Wnt-activated DPSCs overexpress β-oxidation enzymes at mRNA level
Mitochondrial β-oxidation of fatty acids provides for molecules of acetyl-coA ready to enter the TCA cycle, whereas simultaneously generating reducing power (Giudetti, Stanca, Siculella, Gnoni, & Damiano, 2016) . A limiting step in this process is the transport of fatty acids to mitochondria, which is catalyzed by the carnitine shuttle, in which CPT1 critically participates. Since we had demonstrated that DPSCs treated with BIO or WNT-3A accumulated cellular lipids, whereas also significantly overexpressed CPT1 at mRNA level, we examined whether transcript expression for β-oxidation enzymes would also be somehow affected in these conditions. Interestingly, an upregulation of expression was found for acyl-coA dehydrogenase medium chain (ACADM) and Over the last few years, metabolism has entered the stage as a fundamental regulator of pluripotency (Folmes et al., 2011; Mathieu & Ruohola-Baker, 2017) . In fact, activation of glycolysis pathways is known to enhance somatic cell reprogramming efficiency (Folmes, Dzeja, Nelson, & Terzic, 2012) reprogramming to a simplified version containing just OCT-4 (Zhu et al., 2010) . Consistently, pharmacological inhibition of glycolysis results in a reduced reprogramming efficiency (Folmes et al., 2011) .
This evidence illustrates how metabolic plasticity can facilitate (or impair) stemness. In fact, the differentiation of pluripotent cells and the reprogramming of somatic cells often involve metabolic switches at very early stages, before changes in phenotype and/or the expression of pluripotency core factors can be yet observed (Folmes et al., 2011) .
The current prevailing view acknowledges that fully differentiated cells rely mainly on mitochondrial oxidative phosphorylation to meet their energy demands, whereas noncommitted PSCs primarily use glycolysis and production of lactate. This metabolic signature was first described in cancer cells as "The Warburg Effect" (Vander Heiden, Cantley, & Thompson, 2009; Warburg, 1956) , and it was later consistently observed in both ESCs and iPSCs (Mathieu & Ruohola-Baker, 2017; Varum et al., 2011) . Following the DAPT treatment, glucose was accumulated in DPSCs, suggesting a lower utilization of this primary fuel for glycolysis. Consistently, also the levels of lactate were found to be significantly lower than in control samples. Interestingly, despite being the glycolysis inhibited, glutamine and glutamate were not being used as alternative source of energy following the DAPT treatment, since the levels of these amino acids were not changed, with respect to control DPSCs. increased uptake of TMRE. However, this mitochondrial hyperpolarization did not came along with a concomitant increase in the expression of ATP synthase subunits, which suggested that the accumulation of reducing power in these conditions was not being primarily used to synthesize more ATP. The observation of mitochondrial hyperpolarization is interesting, since this has also been observed in other PSCs (Folmes et al., 2011) . The mitochondrial potential magnitude has been reported to be predictive of the stemness of ESCs, where populations of high-mitochondrial potential
ESCs were more prone to generating teratomas after transplantation, whereas low-mitochondrial potential ESCs were found to be pre-committed for somatic differentiation (Schieke et al., 2008) .
Recent evidence showed that maintenance of a high-mitochondrial membrane potential is required for a burst in ROS generation which regulates cell proliferation by hypoxia inducible factor (HIF) expression (Martínez-Reyes et al., 2016). However, in our DPSC cultures we could F I G U R E 7 Representation of metabolic pathways and steps affected during Wnt activation in DPSCs. Wnt signaling activation by either BIO or WNT-3A increases glucose consumption by overexpression of glycolytic enzymes HK2 and/or PKM2. LDHA and LDHB participate in lactate to pyruvate conversion. LDHB is overexpressed whereas LHDA is downregulated in Wnt-activated DPSCs. Pyruvate dehydrogenase complex subunits are also upregulated in BIO/WNT-3A treated DPSCs, thus fueling the mitochondrial TCA cycle. These "hyper-energized" DPSCs show a net accumulation of lipids and a mitochondrial hyperpolarization. Overexpression of cytosolic ACLY and ACSS2 enzymes suggests cataplerosis leading to cytosolic accumulation of acetyl-coA, which could be then used for lipid biosynthesis. Meanwhile, mitochondria consume amino acids such as glutamine and glutamate to replenish TCA metabolites in a coordinated cycle of cataplerosis and anaplerosis. Cytosolic fatty acids also appear to participate in this process of TCA fueling, as suggested by the overexpression of CPT1 and β-oxidation enzymes at mRNA level. DPSCs reprogrammed with BIO or WNT-3A thus show a boost in glycolysis without the characteristic lactate accumulation observed in the classic Warburg effect. BIO, 6-bromoindirubin-3´-oxine; DPSCs, dental pulp stem cells; TCA, tricarboxylic acid cycle [Color figure can be viewed at wileyonlinelibrary.com] not detect any significant increase in ROS production by DC-FDA fluorimetric assays after the treatment with BIO or WNT-3A. Interestingly, experiments of somatic cell reprogramming to PSCs at very early stages showed that the increase in glycolysis associated with nuclear reprogramming was at first accompanied by a burst in ETC activity, before switching to a classic Warburg-like glycolytic metabolism (Hawkins et al., 2016; Kida et al., 2015) . In our experimental model, DPSCs were exposed to Wnt activators and the cell phenotype was assessed short-term, after only 48 hr, a time frame which could easily correspond with such early reprogrammed cells. Other studies have reported that a functional ETC is essential for maintaining pluripotency (Zhang et al., 2016a) , and that disruption of mitochondrial dynamics could . In fact, another of the most interesting findings of the present work is that DPSCs were accumulating cytoplasmic lipid droplets after Wnt activation, as assessed by Nile
Red staining. Lipid biosynthesis requires cytosolic acetyl-coA, which is primarily derived from a cytosolic export of mitochondrial citrate, to provide for an increase in cellular reducing power and release of biosynthesis metabolites in a process known as cataplerosis (Owen, Kalhan, & Hanson, 2002) . Then, a critical metabolic reaction is catalyzed by the ACLY enzyme, which transforms this citrate to acetyl-coA, thus linking carbohydrate and lipid metabolism (Wellen et al., 2009) . Importantly, ACLY expression was found to be clearly upregulated in DPSCs after BIO and WNT-3A treatment. In this context, the accumulation of cytosolic acetyl-coA could serve two main purposes: (a) To provide a primary substrate for lipid biosynthesis, and (b) to provide a substrate for histone acetylation, which has been shown necessary to maintain pluripotency (Moussaieff et al., 2015b) . In fact, compelling evidence indicates that during
The modulation of DPSC stemness by Notch and Wnt signaling comes associated with a deep metabolic remodeling. During the first 48 hr of treatment with BIO or WNT-3A, DPSCs show an atypical Warburg effect, boosting glycolysis but also mitochondrial TCA activity. These metabolic changes are associated with an increase in the expression of pluripotency core factors, and the stemness of DPSCs. DPSCs in these conditions accumulate large amounts of reducing power, and cytoplasmic lipids. Understanding metabolic changes linked to DPSC reprogramming could be of great interest to make the best use of DPSCs for cell therapy. BIO, 6-bromoindirubin-3′-oxine; DPSCs, dental pulp stem cells; TCA, tricarboxylic acid cycle [Color figure can be viewed at wileyonlinelibrary.com] early stages of differentiation of human ESCs, cytosolic acetyl-coA levels drop and this was associated with histone deacetylation and spontaneous cell differentiation. In contrast, a rise of cellular acetylcoA levels was linked with maintenance of pluripotency (Moussaieff et al., 2015b) .
Thus, in view of our results and despite the fact that we could not actually measure acetyl-coA levels in our model, in all likelihood cataplerosis was occurring in DPSCs after Wnt-activa- 
